Background
Introduction
The aim of blood transfusion is protection of life, but at the same time, it can be life threatening if blood safety is not considered [1, 2] . One of the main problems in providing safe blood is the risk of transfusion-transmissible infections (TTIs). Amongst them, viral infectious agents such as hepatitis C virus (HCV), hepatitis B virus (HBV) and human immunodeficiency virus (HIV) are of the greatest concern [1, [3] [4] [5] .
HIV, HBV and HCV are the causative agents of acquired immune deficiency syndrome (AIDS), hepatitis B and C infections, respectively. These infections are capable of causing longterm carrier states, prolonged viraemia and infectivity, chronic disorders along with high rates of morbidity and mortality due to chronicity, liver cirrhosis, hepatocellular carcinoma (HCC), and opportunistic infections [3, 4, 6, 7] . These viruses can be transmitted through direct exposure to infected blood and blood derivatives, organ transplantation, hemodialysis, intravenous drug use, blood transfusion, tattooing, and sexual contact [4, 6, 8] . However, the later is not the common mode of HCV transmission [8, 9] .
The risk of transmission of these viruses through transfusion of infected blood is much higher than the other routes of transmission, mainly because of transmission of high viral load per transfusion [3] . Even if the viral load is low in the blood, the chance of infectivity is still very high [3] . However, currently blood transfusion has a relatively low contribution in the overall transmission of viral infections owing to this obligation that screening of blood donations for viral infections prior to transfusion is the highest priority [10] .
The prevalence of these viral infections among blood donors varies by geography and nationality and directly depends on the prevalence of these viruses in the general population [11, 12] . Globally, there are approximately 170 million individuals chronically infected with HCV, 350 million with HBV, and 38 million HIV infected people [13] . According to WHO reports, the prevalence of HBV, HCV and HIV infections among blood donors in different parts of the world varies from 0.008% to 6.08%, 0.004% to 1.96%, and 0.0004% to 2.0%, respectively [14] . In Iran, the prevalence of HBV, HIV and HCV infections is 1.7% [15] , 0.023% [8] and less than 1% [9] in the general population and 0.7% [16] , 0.004% [8] and 0.5% [17] in blood donors, respectively.
The prevalence of any infection shows a wide range of variation in different regions of a country [9] . However, the overall prevalence of HCV among blood donors in Iran has been reported to be 0.5%, but it ranges from 0.03% to 2.1% in different parts of the country [9] . The same scenario has been reported for HBV [16] . Apart from this, the prevalence rates may change with time [2] . Variations in the donor screening strategies and the predominance of risk factors in the society might explain these changes in the prevalence rates of viral infection over time [9, 18, 19] . It is therefore necessary to assess the prevalence of these viruses among blood donors at regular intervals to estimate the current most prevalent risk factors and to evaluate the effectiveness of the blood safety strategies employed in the blood banks of a country [17, 19, 20] .
Evaluation of trends in the prevalence of viral infections among blood donors is not only essential for estimating the effectiveness of the blood safety strategies [8, [18] [19] [20] , but it also gives clue to health policy makers to improve the current blood bank strategies to minimize the potential risk of acquiring these infections through blood transfusion [3, 10, 21] . Therefore, this study was conducted to report the prevalence and trends of HBV, HCV and HIV infections among blood donors in south of Iran during an eleven-year period from 2004 to 2014. This is the first report on the trends of HBV, HCV and HIV infections among the donor population in this part of Iran.
Materials and Methods

Study setting and population
This is a retrospective descriptive study of blood donor data recorded at blood transfusion centers of southern Iran over a period of eleven years. Twelve regional blood transfusion centers are located in this part of Iran, while Bushehr blood transfusion center as the largest center contributes in collecting the most of blood units. Bushehr province, which is located in the northern shores of Persian Gulf, is a commercial port and an important economic center of southern Iran. The records of all blood donors who donated blood at one of these blood centers from 2004 to 2014 were analyzed in an anonymous way with respect to the results of serological screening for HBV, HCV, and HIV infections. This study was approved by the ethical committee of Bushehr University of Medical Sciences with reference number IR.BPUMS. Rec.1394.108.
As a routine pre-donation practice, all of donors went through a physical examination and health history interview prior to donation in an attempt to ensure their eligibility for donating blood. Those who had age between 18 and 65 years, body weight above 45 kg, hemoglobin level of 12.5 g/dL or greater, physical and mental fitness, no history of high-risk behavior, blood transfusion, jaundice, hepatitis, surgery, and hypertension, as well as the other serious illness and current fever were considered as eligible donors. Those who were outside the range of eligibility criteria were excluded.
At the time of interviewing, all donors were requested to give a written informed consent to screen their blood samples for TTIs and use of test results for analysis. All blood donors were apparently healthy volunteers and classified as first-time donors if they had a history of only one donation, regular donors if they had a history of more than one donation during one year, and repeated donors if there was more than one-year intervals between the donations.
Screening methods
After donating blood, all donated blood was screened for the presence of hepatitis B surface antigen (HBsAg), HIV antigen/antibody (HIV Ag/Ab) and anti hepatitis C virus antibodies (anti-HCV Ab) using commercially available ELISA kits. All initially positive samples were retested. The repeatedly reactive samples were labeled seropositive. These seropositive results were confirmed using HBsAg confirmatory assay, HIV I/II Western Blot (WB), and HCV recombinant immunoblot assay (RIBA). Regarding HIV, the HIV WB-negative samples were further evaluated for the presence of HIV P24 antigen, and the reactive samples were confirmed using monoclonal neutralization assay. According to the IBTO policies, the initially positive blood units were excluded, and the confirmed positive donors were recalled for counseling and appropriate treatment. During the study period, the same kits were used in all centers (Table 1) . Table 2 . Of 293454 donors, 747 were determined to be seropositive for any of the screened TTIs, revealing an overall seroprevalence rate of 0.254% for TTIs. Overall, the seroprevalence rates of HBV, HCV and HIV were 0.15% (440), 0.1% (295) and 0.004% (12) , respectively. None of the blood donors had co-infection with these viruses.
The seroprevalence of HCV, HIV and HBV infections in male donors was 0.104%, 0.004% and 0.150%, respectively, and the corresponding figures for females were 0.047%, 0% and 0.137%, respectively. Although HBV and HCV infections were more prevalent among male donors compared to the females, but only difference in the prevalence of HCV was statistically significant (P = 0.017). Regarding HIV infection, no seropositive case was found among the female donors.
The seroprevalence of HCV and HIV were higher among single donors, whereas HBV infection was more prevalent among married donors. The seroprevalence of HCV, HIV and HBV infections among single donors was 0.132%, 0.007% and 0.114%, respectively. While the corresponding figures among married donors were 0.093%, 0.003% and 0.158%, respectively. No significant difference in HIV prevalence was observed between the donors regarding marital status, while the differences in the prevalence of HBV and HCV were statistically significant (P = 0.017 and P = 0.008, respectively). Compared to regular and repeated donors, first-time donors were significantly more infected by HBV (P < 0.001), HCV (P < 0.001) and HIV (P = 0.001), while the frequency of these three pathogens was the lowest in regular donors. The seroprevalence of TTIs decreased with education level, so that highly educated donors showed lower seropositivity rates. Overall, there were significant differences in HBV and HCV seroprevalence rates between the donors grouped according to level of education (P < 0.001, P < 0.001, respectively). For HIV, a small but not significant difference was observed between donors with diploma and under diploma education levels (P = 0.173). There were significant differences in the seroprevalence of HBV and HCV between the age groups (P = 0.014 and P = 0.005, respectively). HBV seroprevalence increased with age, from 0.089% in donors under 20 years old to 0.399% in donors over 60 years old. As for HCV, the highest rate of HCV seroprevalence was observed in the age group 31-40 years followed by age group 20-30 years. While donors in the age group 51-60 years showed the lowest positivity rate.
HIV seropositivity was only observed in the age groups 20-30 and 31-40 years. However, HIV was more prevalent in donors aged 20-30 years, but this difference was not significant (P = 0.183).
HBV seropositivity was observed among donor populations of all the cities, while no positive HCV case was found in blood donors from Abpakhsh city. In addition, HIV seroprevalence was only observed in Bushehr, Genaveh and Borazjan cities, and no significant difference was reported among these cities (P = 0.997). Meanwhile, significant differences in the seroprevalence of HBV (P = 0.004) and HCV (P < 0.001) were observed between the donors regarding the place of residency. The highest seroprevalence rates of HBV and HCV were observed among donors in Abpakhsh and Tange Eram cities, respectively. While Genaveh and Jam cities had the lowest rates of hepatitis B and C among blood donors in this region, respectively.
There were statistical differences in the prevalence rates of HBV (P = 0.021) and HCV (P < 0.001) between the donors grouped according to their occupation. Conscripts (0.227%) and retirees (0.225%) had the highest seroprevalence rates for HBV, while unemployed (0.215%) displayed the highest seroprevalence for HCV. On the other hand, university students (0.049%) and retirees (0.022%) showed the lowest seroprevalence rates for HBV and HCV infections, respectively. However, HIV seroprevalence was higher among private business owners, it was not statistically associated with working status (P = 0.379). The yearly distribution of HBV, HCV and HIV seropositivity among donors grouped according to socio-demographic characteristics is shown in Tables 3-5, respectively. Overall, TTIs were more prevalent in male, low educated and first-time donors during the study period. Over this 11-year period, seroprevalence rates of HBV and HCV showed significant decreasing trends from 0.460% to 0.060% (P < 0.001) and 0.329% to 0.045% (P < 0.001), respectively. Whereas prevalence of HIV infection had a slight but not significant decline from 0.0173% in 2004 to 0.0028% in 2014 (P = 0.087). The trends of HBV, HCV and HIV infections in all blood donations from 2004 to 2014 are shown in Fig 1. Overall, the most prevalent TTIs were HBV followed by HCV, while the prevalence of HIV infection was the lowest in southern Iran.
Discussion
Blood transfusion is considered as a potential risk factor for transmission of life-threatening viruses, including mainly HBV, HCV and HIV [1, 5] . Therefore, efficient strategies should be implemented to reduce this risk to the minimum. Prevention of these infections is achievable by continuous screening of all blood donations for these viruses [1, 10, 17, 22] . According to the epidemiological reports, the risk of transmission of viral infections has been noticeably decreased in countries where continuous screening of all blood donations for TTIs is carried out [8, 17, 21] . In Iran, the serological screening of all donated blood is mandatory for HBV, HCV and HIV [8, 17, 19, 20] . In recent years, Iranian Blood Transfusion Organization (IBTO) has implemented more restrictive donor selection criteria through application of strict and standard questionnaire, confidential unit exclusion, and effective procedures in physical examination prior to donation as well as educational program regarding blood donation to improve the blood safety [8, 9, 17, 19, 20] . As a result, elimination or reduction of the risk of transmitting viral infection through blood transfusion has been predicted. In addition, public awareness regarding the general prevalence and transmission routes of viral infections has a considerable effect on the rates of these infections in donor population [8, 9, 17, 19, 20] . Monitoring the prevalence trends of viral infections in the donor population is a valuable index for evaluating the effectiveness of strategies implemented by IBTO [8, 17, 19, 20] . Therefore, the current study was conducted with the objective to find out the prevalence and trends of HBV, HCV and HIV infections in all blood donations from 2004 to 2014. [19] . This is probably because of population differences regarding social behavior, lifestyle, socioeconomic status and level of awareness in different regions of our country. However, some differences in specificity and sensitivity of screening tests, number of first-time donors, and geographical distribution of the infection as well as the burden of the disease in the society can also explain a part of these variations. The reported prevalence in this study is also lower than those of Mangalore (0.5%) [1] , Ethiopia (4.7%) [25] , China (0.87%) [21] , Mongolia (8.1%) [26] , Pakistan (1.46%-2.99%) [22] , Nepal (0.47%) [2] , and Nigeria (11.1%) [6] but higher than those of Canada (0.007%-0.06%) [27] , Australia (0.01%) [28] , and Italy (0.0069%) [29] . Generally, the prevalence of HBV infection among blood donors is low in developed countries, while it is higher in developing countries. These geographical differences in prevalence of HBV infection might be due to some differences in socioeconomic status, health behaviors and attitudes, standard of life, risk behaviors, rate of this infection in the general population, immunization status, public education, level of safety measures in public health services, effectiveness of donor selection program, and quality of blood screening tests in different parts of the world.
Our findings also indicate that older donors are more prevalent infected by HBV than younger donors. This increasing prevalence with age may be associated with increased exposure to HBV most likely due to the possibility of engaging more in risky behaviors over time [4, 30] . Risky sexual activities like multiple sex partnerships more efficiently transmit HBV than HCV and HIV, while HCV transmission by sexual intercourse is less common [31] [32] [33] . In contrast, HCV is efficiently transmitted by injecting drug use, which is more common among youths in Iran [9] . Furthermore, among blood borne and sexually transmitted viruses, HBV has a low infectious dose, thus making high risk non-vaccinated population more likely to get infected [34] . In fact, initiation of HBV vaccination program for all newborns in Iran in 1993 as well as vaccination of teenagers and high-risk groups since 2006 also had an important role in decreasing the prevalence of HBV infection among youths [16] . This is consistent with previous 
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studies, which have demonstrated a considerable association between higher HBV seroprevalence and older ages [4, 8, 21, 27, 30] . While some other studies have shown higher prevalence among younger age groups [1, 3, 6, 25, 35] . Differences in risk factors, immunization status, cultural practices such as circumcision, tattooing and phlebotomy, as well as negative social behaviors such as intravenous drug use, multiple sex relationships and history of imprisonment among different age groups in different parts of the world may explain this discrepancy among different studies. The overall seroprevalence of 0.1% for HCV noted in our study is almost similar to the previous reports from Iran, 0. [19] . This prevalence is lower than those of the other countries such as Pakistan (3.01%-4.99%) [22] , Ethiopia (0.7%) [25] , China (0.86%) [21] , Mongolia (8.7%) [26] , Egypt (5%-25%) [36] , Nepal (0.64%) [2] , and Nigeria (1.8%) [6] but higher than those of Mangalore (0.08%) [1] , Australia (0.01%) [28] , and Italy (0.0016%) [29] . These variations in prevalence of HCV infection in different parts of the world reflect population risks, health status, rates of high-risk behaviors, public awareness, as well as quality of donor screening and selection procedure in those regions. The highest HCV seroprevalence was observed among donors aged 20 to 40 years. This can be related to high rate of injecting drug abuse among youths in Iran. Injecting drug use is the most predominant risk factor for acquiring HCV infection in our country [9, 17, 18] . Currently, the prevalence of HCV infection among IDUs in Iran is 50%-75% [9] . Similar results were reported in some previous studies [1] [2] [3] 6] , while others have shown higher prevalence among older age groups [4, 21, 35] . This may be due to some differences in social life styles, level of awareness, predominant routes of transmission, and risk behavior patterns among different age groups in different parts of the world.
The prevalence of HIV infection among blood donors in our study was reported to be 0.004%, which is lower than those of Mangalore (0.1%) [1] , Ethiopia (3.8%) [25] , China (0.31%) [21] , Nepal (0.21%) [2] , and Nigeria (1.4%) [6] but higher than those of Australia (0.0003%) [28] , Italy (0.00019%) [29] , and Mongolia (0%) [26] . These variations in the prevalence of HIV might be due to some differences in risk behaviors, educational programs, preventive measures, and quality of safety measures employed in blood transfusion centers of those countries. The reported prevalence in this study is also in line with the previous reports from Iran, 0.0054% [19] , 0.004% [8, 18] .
The seroprevalence of all screened viral infections in this study was lower among female donors than in male donors. Previous studies have also reported the similar observation in many countries [2, 3, 8, 19, 34, 37] . This might be due to lesser contribution of women in social activities and high-risk behaviors such as multiple sex relationships and intravenous drug use. Therefore, these gender differences in infection rates reflect some differences in lifestyles, social activities, and sexual behavior between these two genders.
The results of the present study in accordance with those of other studies indicate that the prevalence of viral infections is higher among first-time donors compared to regular and repeated donors, while regular donors have the lowest frequency of these three pathogens [1, 8, 19, 24, 25] . The reason may be that the regular donors are well-informed individuals with low risk behaviors due to several time screening and selection in the process of donating blood [1, 5, 19, 21, 25] . Therefore, regular donors should be encouraged to participate more in blood donation to further improve the safety of blood and reduce the risk of TTIs in the society. Moreover, in line with the previous studies [19, 24] , higher rates of the viral infections were found among low educated donors in the present study. Better knowledge of highly educated donors regarding TTIs, their routes of transmission and risk factors can explain this finding. On the other hand, it is worthy to note that frequently people with lower level of education live in worse conditions, which increase their vulnerability to infections. Therefore, nationwide efforts should be made to raise public awareness in people with lower level of education to reduce the risk of transmission.
This study clearly indicates declining trends in the seroprevalence of HBV and HCV in donated blood from 2004 to 2014, while HIV had a slight but not significant decline. Similar decreasing trends have also been reported in previous studies from Iran [8, 17, 18, 20, 24] as well as some other countries such as Argentina [13] , Pakistan [22] , Ethiopia [25] , Saudi Arabia [30] , Lebanon [38] , and Canada [27] . These declining trends might be a reflection of a decline in the rates of these infections in the society. However, some other factors, including vaccination against HBV infection, an increase in public awareness regarding general prevalence and transmission routes of these viral infections, progress in selection of a safer donor population through application of more standard questionnaire and more effective procedures in physical examination by trained medical doctors, application of confidential unit exclusion, which allows self-deferral of high risk donors prior to donation, automation of data registry of all donors, systematic screening of all donations for infectious markers, improvement in donor screening procedures through application of more sensitive screening kits, improvement in safety measures through application of standard instruments and operating procedures, validation of all procedures across the country, an increase in the number of regular blood donors from 1716 (14.9%) in 2004 to 19822 (56.6%) in 2014, educational program regarding blood donation to improve the blood safety, and progress in preventive measures might also explain such declines in our study.
Despite having common routes of transmission and similar risk factors [6, 35] , the prevalence of HBV was higher than HCV and HIV in the present study. The similar finding has also been reported in previous studies from Iran [8, 18, 19] . The reason of this high prevalence may be higher infectivity of HBV compared to HCV and HIV [34, 39] . Previous studies have also confirmed this issue [20, 34, 39] .
Despite indicating the time trends of these viral infections, a fair comparison between the years analyzed is not possible, since many factors such as donor selection criteria, sensitivity and specificity of screening kits used, level of awareness, population risks, behavioral factors, prevention programs, and the safety measures employed in blood transfusion centers may change over the years. This is one of the limitations of the current study. Nevertheless, all of these changes have resulted in a considerable decline in the prevalence of HBV and HCV over the years.
Conclusion
The results of the present study confirm the effectiveness of donor screening and selecting policy employed by IBTO in recent years. Despite these improvements, still a long way is ahead to achieve a zero-risk blood transfusion. Majority of risks are due to blood donation during the serologically negative window period or asymptomatic phase of infection as well as the possible presence of apparently healthy donors with occult infections. During these intervals, blood transfusion is capable of transmitting infection despite negative serological screening tests [1, 9, 30, 39] . Undetectable transmission of viral infections poses a serious threat to blood safety [1, 25] . Fortunately, the most of these unnoticeable transmissions are preventable through application of nucleic acid-based detection techniques such as polymerase chain reaction (PCR) [21, 30, 37] .
The introduction of nucleic acid amplification techniques (NAT) in the realm of diagnosis of viral infections caused a great revolution in the transfusion medicine. However, PCR is quite successful in minimizing the threat of unnoticeable infection [37, 40] but is financially and technically beyond reach of the Iranian blood bank transfusion centers. Currently, routine screening of blood donations relies on serological tests in Iran [9, 17] . Therefore, it is important for IBTO to focus on proper selection of donors, continuous screening of donated blood for infectious markers, and improvement of preventive strategies as well as public awareness to improve the safety of the blood transfusion in Iran. In addition, rational transfusion of blood only when necessity arises is also essential to reduce the risk of transmission of these infections through blood transfusion.
